system is correlated with the emission spectra.
Doped bulk and 2-dimensional semiconductors have led to todays' technological advancements in the design of state-ofthe-art electronic and optoelectronic devices. Intentionally introducing the dopant atoms into a semiconductor lattice allows tuning of the properties of the host semiconductor material. In order to achieve such control over the properties of nanoscale devices, recently researchers have attempted to realize controlled doping of nanoscale semiconductor materials. Semiconductor nanocrystals (SNCs) show unique tunable optoelectronic properties arising from the quantized energy levels in a nanoscale regime, which can be further exploited to its maximal extent by doping these materials. have attracted much attention due to their quantum cutting capability resulting in visible and near-infrared emission which can lead to enhanced solar spectral matching and improved solar cell efficiency. Most of these investigations were focused on introducing rare earth lanthanides in complex oxides/ phosphors, 9,10 glass/ceramics 11 or in uoride based hosts.
12,13
However, due to the competing non-radiative relaxation mechanism and poor broadband absorption of these traditional oxides, ceramics or phosphor based hosts, their application as a down-conversion material is limited. Energy transfer to dopants can be signicantly enhanced in SNCs due to the high degree of spatial connement and the competing surface recombination processes can be mitigated. . ZnSe possess extremely low toxicity compared to CdS and it has a bulk bandgap of $2.70 eV at 300 K; which makes it a suitable candidate for absorbing near UV radiation and harvesting high energy photons.
Host ZnSe nanocrystals were synthesized by a hot injection method using ZnO as a Zn precursor and elemental Se powder as a Se source. Terbium acetate was used as the source for Tb 3+ -doping. In a typical synthesis, 2.5 mmol of ZnO, 0.125 mmol of terbium acetate (5 mol% of Zn precursor), 30 mmol of oleic acid and 4 mmol of hexadecylamine were heated to 320 C in a 50 ml three-necked ask under argon ambient. Se powder dissolved in tri-n-octylphosphine (TOP) (197.4 mg Se powder dissolved in 1.5 ml of TOP) was then quickly injected into the Zn precursor solution and the nanocrystals were grown at 280 C (AE2 C). The ask was removed from the heating mantle to seize the reaction aer desired growth time. Doped ZnSe nanocrystals of different sizes were synthesized by controlling the growth time. The asgrown ZnSe nanocrystals were puried by successive precipitation and decantation cycles for at least two times using acetone and hexanes following the standard literature method. 5 Finally, the puried nanocrystals were suspended in hexanes for further characterization.
Structural characterization of the doped ZnSe nanocrystals was carried out using a Rigaku D/Max 2100 powder X-ray diffractometer equipped with a diffracted beam graphite monochromator with a CuKa source (l ¼ 1.5418Å) and the resulting diffraction pattern is shown in Fig. 1 . XRD peaks were indexed with reference to zinc blende (JCPDS card # 01-071-5977) and wurtzite (JCPDS card # 01-089-2940) phases of ZnSe single crystal XRD characteristic lines represented by vertical straight lines in the gure. The nanocrystals showed the best match to the zinc blende phase (cubic). However, coexistence of a wurtzite phase (hexagonal) cannot be discarded. Broadened characteristic peaks indicate the nanoscale domain of the crystallites. The most dominant peaks corresponding to (111), (220), (311), (331), (420), (422) and (511) planes were identied and found to be in good agreement with the literature.
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Optical characterizations were carried out by UV-Vis absorption spectroscopy and photoluminescence (PL) spectroscopy using a Perkin-Elmer Lambda 750 spectrophotometer and a Horiba Jobin-Yvon Fluorolog 3 spectrouorometer respectively. UV-Vis absorbance spectra of ZnSe:Tb 3+ SNCs showing the evolution of the rst excitonic peak with increasing growth time are shown in Fig. 2 . The rst order excitonic absorption peak is red shied with increased growth time indicating the increased size of the nanocrystals. Sharp absorption peaks are indicative of nearly monodisperse nanocrystals with narrow size distribution. Fig. 3(a) shows the photoluminescence (PL) spectra of Tb 3+ -doped ZnSe nanocrystals for 5 mol% Tb 3+ -doped ZnSe nanocrystals. In Fig. 3(b) , the emission spectra of corresponding undoped ZnSe SNCs are shown. PL spectra were obtained at 350 nm excitation wavelength, well below the band-edge of host ZnSe nanocrystals. The broad ZnSe peak in the background is due to the surface defects. Introducing a core-shell structure to passivate these doped nanocrystals with a higher bandgap material (such as ZnS) can further improve the emission properties. This downconversion property can be exploited and retrotted to get better solar spectral matching to enhance photoconversion efficiency of all existing solar cells. Shell passivation and RE-doped core-shell nano-structures are presently under investigation. According to the Dieke diagram, 21 the energy levels of the ZnSe host and trivalent Tb 3+ -ion are shown in Fig. 4 -doped cadmium free, non-toxic, environment friendly nanocrystals have the potential to be employed as a down-conversion material for harvesting higher energy UV photons resulting in enhanced solar cell efficiency.
